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TECHNICAL NOTE NO. 1029 


A CONDITION ON THE INITIAL SHOCJK 
By Theodore Theodoraen 


SUIAMARY 




•< 


Initial shocks of the type that occur on airfoils at 
stream. Mach numbers less than unity are shown to satisfy 
a certain condition, namely, that the local Mach number 
behind the shock wave tends to approach unity. This 
result is, in nature, similar to the classic condition of 
Kutta on the circulation. 


INTRODUCTION 


When the flow velocity on the surface of an airfoil 
exceeds the local velocity of sound, there is a local 
restricted supersonic potential flow field bounded by 'the 
contour on one side and by the line ’ M - 1 on the 
remainder. Where a certain maximum supersonic velocity 
is attained, as in the middle of a section with fore- 
and-aft symmetry, there will be a gradual reduction in 
velocity and the supersonic region will merge into the 
subsonic field. When the critical condition is reached, 
there will be a rather sudden change in the flov^. Instead 
of reverting back -to -subsonic by a gradual and potential 
flow, the velocity will not reach a maximum in the central 
point as before but will Increase farther along the contour 
and then revert to sonic value (locally) by a sudden shock. 
This shock causes a corresponding (sudden) increase in 
the drag and a reduction in the circulation. The 
velocities will for this re.ason be . considerably below the 
Prandtl-Meyer values’. In the -following discussion it will 
be shown by a simple argument' that the mission of" the 
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shock is essentially that of bringing the local velocity- 
back -ter a local sonic value, that a smaller shock la 
insufficient, and that a greater shock cannot be accommo- 
dated. 


THEORY' 


The shock r-elations derl’ved by Meyer and Prandtl 
(ref-erence 1) may be given as 

— ? K - 1 ? 

^In U2n - 

K. + 1 


and 


^t = ^2t 

where uin ‘and U2n normal components of the 

velocity ahd uit and U2t the tangential components 

of the velocity before and after a shock wave, respec- 
tively; the quantity Cs is the critical velocity of 
sound; and k is the adiabatic constant. 

V 

By use of the ‘local Mach number K = ^ ^here V is 

c 

the local fluid velocity and c is the local velocity of 
sound, the following simple . and symmetric relations are 
obtained: 


Mlt‘ 


n K - 1 p 

1 + ^ 


M2t"^ 


1 + 


K - 1 


M2" 



M2^ 

K-l p K_1 o 

Mi^ 1 +- M2^ 



where and . Mqt are the normal and tangential com- 

ponents of the Mach number on the ups-tream side and M 2 
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and. M£t ; are ..the . spme quan-tities on, t;he djownetream side 
of the shock line. (See fig. 1.) 

The relations .ior- .the^ angle of deflection 6 are 
V(Ai + c) (a2 + C) + B - C 


CO't 6 :?' 


V'f 1 + o){® ' 0) - \/(A2 + c) (b - 0) 


and 


COS 6 = 


y(Ai + 0) (.t2 + c) + B - 0 




wher'e 


Ai = M2 t^[ 2 (k - 1)^ - (k + l^'^J + M^(k + 1)^ + 1 ^.(k - 1) 

. ! : 1 “ . r.' ; •/ ‘il'-i, Ij 

A 2 = M^j 2 (k'"-ri) 2 - - • + r )-2 J + M 2 t^ (k , + ^ 

^ '...-JIT . ■ - •••,,■ L ♦ 

B = Ii.k'^K -■ i)m% 2 t^ 1) - - 1) 


C = ± (k + 1) + MgT^) (k + 1^2 + 2 m 2 ls 2^2^^2 - 6k + l) + 8^K - ij ^m 2 + + I6 

D]_ = - i)m 2 t^ + - ■' 

D2 = i].KM2 T^[(K - i)m 2 + 2 j 

and M and M2 t sire tfie*(total) Mach numbers on the' 
upstream and downstream sides of the shock line, respec- 
tively. ; ['.rvti-y ';tr^rvr 1 J cf : . .2. 



NACA TIi No. 1029 




The relation for th^ angle 'rof ..the shock line a is 


2 

cos^^a 


il_l£ 

M^D 


Di • “ ■ , — - 

where D = ' It may further toe shown that the pressure 

ratio 


£2 _ 2k Ax + C _ K - 1 
Pi K + 1 D K + 1 

and the temperature ratio 


li 


[k(Ai + c) - — D 

IL" ^ + c) + d] 


(Ai + 0 ) 


The angle a for M2Q, =. 1 is gl^en by the expression 


2 

cos a = 


M 


. 2m 2 2_^ + .(j 

(k + 1)2 


K -H-1 




K + 1 


For lai’ge values of M 


cos^a 


K 




H- 1 
2 k 


For K ■ = l.li 


cos2a-~^^. 

7 

The relationships among the various variables are 
shown in figures IL to 7 • Figure 1 shows the relations 
of M, Ml, K2» f”it-> ^‘2t» ^'‘2T» ® plotted 

against M foi; various values of M2 t figure 2 and 
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the angle 6 is plotted similarly in figure 3^ which 
also shows a magnified plot near M = 1 for M 2 T “ 
Figures 14 . and 5 show the pressures and temperatures, 
respectively, resulting from shocks with M 2 t = 1* "liie 
variation of cos^a with M for M 2 T = i is shown in 
figure 6. In this figure the asymptotic value should he 
noted, in figure 7 the function M^cos^a is plotted 
against M for MST 1* 


Values of cos,-. 6 and 6 are listed in. table I for 
various values of ij and M2 t • 


DISCUSSION 


t* • 


The nature of the oblique shock for M 2 t = 1 will 
now be indicated. Suppose for the moment that the shock 
on the upper side of an airfoil results in a value M2 t^1‘ 

The flow is then still supersonic and, since the flow 
diverges on the back psirt of the airfoil, the Mach number 
will increase until a second shock occurs. This second ■ 
shock may or may not produce a subsonic region;' the" 
process therefore continues until finally a local Mach 
number of unity is reached behind the last shock. Prom 
then on no further shocks will occur since in a diverging 
flow the subsonic velocity decreases. - — ,, 

If only a single shock is permitted, it would be 
expected to replace the multiple shock and produce a Ma^h 
number of ■unity behind the shock front. 

If the shock should exceed su'ch a shock in intensity 
and cause a subsonic velocity behind the ''shock front',' this 
shock will, result in a greater entropy increase and a 
greater drag than the corresponding values of the shock JVkS 
previously defined. Nature will •p refe r the shock that ^ _ 

gives the smaller entropy increase ; hence the shock will 
reduce the velocity to a sonic value but no further. 



The arg'ument here differs from that used by Tslen 
and Pejer (reference 2), who favor the condition of 
maximum deflection as the criterion. Dailey (reference 5 ) 
chooses a pressure coefficient behind the shock that is 
nimierically equal to the pressvire coefficient at the 
local velocity of sound ahead of the wave. . Tsien’s 
n-umerlcal result agrees closely with those in this paper. 
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CONCLnSlON : 


A tentative theory Is given fo-r a special condition 
on th.3 initial shock wave, 'which fixes a preferred shock 
as the one resulting in a local sonic velocity behind, .the 
shock frontr 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., September 1|, 19^5 
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TABLE I 


VALUES OF COS o Aigjj 6 
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0.50 

0.75 
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1.50 
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Figure 2.- Variation of cos 8 with M for various values of M2«p 
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Fig. 7 
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Figure 7 ,- Variation of function M cos a with M 


for 1^2 j 
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